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Sep 12, 1962
President Kennedy
Rice Stadium
Houston, TX
“But why, some say, the moon? 
Why choose this as our goal? And 
they may well ask why climb the 
highest mountain? Why, 35 years 
ago, fly the Atlantic? Why does 
Rice play Texas?
We choose to go to the moon. We 
choose to go to the moon in this 
decade and do the other things, not 
because they are easy, but 
because they are hard.”
1960s
1960s
1969
Oscar Winner
1970s
Image: Wikimedia.org
1980s
Ronald Reagan (40)
Space Shuttle
Space Station Freedom
The Challenger Accident
Schedule Pressure
NASA Culture
Leadership 
Lessons Learned 
from Challenger
Recommendations:
• The Shuttle Program Structure should be 
reviewed…vital program information frequently 
bypass the National STS (Shuttle) Program 
Manager. A redefinition of the Program 
Manager's responsibility is essential.
• NASA should establish a Safety Advisory 
Panel and Safety Office reporting directly to 
the Administrator
• Improved Communications… because of a 
tendency [of] management isolation… failed to 
provide full and timely information….
• Flight Rate. NASA must establish a flight rate
that is consistent with its resources
1989-1993
Illustration by Pat Rawlings © NASA
George H.W. Bush Administration (41) 
July 20, 1989– 20th Anniversary of the Moon 
Landing
90 Day Study
Space Exploration Initiative
1993-1996
Bill Clinton Administration (42)
From Space Station Freedom 
to Alpha 
to R-Alpha and ISS
1996-2000
Exploration Begins 
Its Comeback
Discovery of potential proof of life 
on Mars
2001-2003
George W. Bush (43)
Loss of Columbia
Illustration by Pat Rawlings © NASA
Leadership Lessons 
Learned from 
Columbia
CAIB Recommendations:
• Adopt and maintain a Shuttle flight 
schedule that is consistent with available 
resources.
• Implement an expanded training program 
…safety contingencies beyond launch and 
ascent. 
• Establish an independent Technical 
Engineering Authority…
• NASA Headquarters Office of Safety and 
Mission Assurance should have direct line 
authority … and should be independently 
resourced.
2004-2009
Back to the 
Moon and On to 
Mars
George W. Bush (43)
Vision for Space Exploration
A Unified Congress
Images by Pat Rawlings © NASA
2005 – 2009
Establishing Constellation
A New Administrator
Focused Goals
Broad Support
2010
Obama Administration (44)
Cancelation of Constellation 2010
2/2/2010
2010-Present
Acceleration of Commercial Crew Program
Asteroid Mission
What’s Next?
So What Does this 
Mean?
US Space Program is an extension of 
the Presidential Administration
NASA develops the options, the 
President decides the direction
Political pressure not only shapes 
programs but also can lead to deadly 
consequences
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The Importance of 
Good Planning
High cost of going into space
Cost is locked in early
Need for process
The Systems 
Engineering “V”
Requirements and Design
What do I want?
How can I do it?
Integration & Verification
Let’s put it together
Does it do what I wanted it to 
do?
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Notional Responsibilities:
Lvl 0/I
Lvl II
Lvl III
Contracting Teams
Systems Engineering 
“Engine”
NASA’s Systems Engineering 
Handbook
It really is rocket science
Use the numbering system to 
navigate
Key takeaways
Systems engineering is a 
combination of analysis, 
synthesis, and management 
processes
Program and project definition 
are iterative
Figure Credit: NASA SP 6015 NASA Systems Engineering Handbook
NASA’s Design 
Phases
Pre-Phase A
What does my customer want?
What are the possibilities?
Phase A
Have I included all stakeholders?
What’s the best approach?
Phase B
What does it really look like?
Phase C
What are the piece parts and the final design?
Phase D
Put it all together and ensure it works
Phase E
Use it!!
Phase F
The mission is done
Figure Credit: NASA SP 6015 NASA Systems Engineering Handbook
The Vision
What
When
Where
Range of detail
First Steps in 
Defining a Program 
or Project
Establish Needs, Goals, Objectives & 
Constraints
Needs – What we want to do: our Mission
Goals – Strategies for accomplishing
Objectives – Tactics for accomplishing the goal
Constraints – The boundaries (cost, schedule, 
political, etc.)
Illustration by Pat Rawlings © NASA
Transforming 
the Vision into 
a Mission 
Statement
Advance US scientific, security and 
economic interests through a robust 
space exploration program
Expand human presence across the 
Solar System
Conduct advanced searches for
Earth like planets and habitable 
environments around other stars
Promote intra-agency, international, 
commercial and public participation
in exploration to further US scientific, 
security and economic interests
Illustration by Pat Rawlings © NASA
Teasing out the 
Specifics
Driving requirements are the key
Start with the Mission Statement
Break it down into logical groups
Drill down in detail
Focus on the pieces that are yours
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Driving requirements are the key
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The Vision
Mission
Exploration Architecture Requirements
ConOps, DRMs (Human and Robotic)
Program Requirements
Element Requirements
NGOs
DRMs and 
Ops Cons 
(aka ConOps)
Needed to round out the 
program/project assumptions
DRMs provide the top level 
design concept
Help identify the major 
functions and elements 
required to execute the 
mission
Determine many of the 
constraints
Operational Concepts then 
define the specifics
Ascent Stage 
Expended
E
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Earth Departure 
Stage Expended
LSAM Performs LOI100 km 
Low Lunar 
Orbit
Vehicles are not to scale.
Low 
Earth 
Orbit
Service 
Module 
Expended
MOON
EARTH
Direct Entry
Land Landing
DRMs and 
Ops Cons 
(aka ConOps)
Needed to round out the 
program/project assumptions
DRMs provide the top level 
design concept
Help identify the major functions 
and elements required to 
execute the mission
Determine many of the 
constraints
Operational Concepts then 
define the specifics
Requirements flow from both
The Vision
Mission
Exploration Architecture Requirements
ConOps, DRMs (Human and Robotic)
Program Requirements
Element Requirements
NGOs
NASA 
Approach
Structure to execute the 
Vision
Constellation Program- one 
piece of a larger puzzle
NASA 
Approach
Structure to execute the 
Vision
Constellation Program- one 
piece of a larger puzzle
Other programs in parallel
From NGOs to 
Requirements
Each level of management owns their 
level of requirements
The President/Administrator is Level 0
NASA HQ AA is Level 1
Program Office is Level 2
Project Office is Level 3
Contractor End Item Specs
Translate NASA requirements into 
something that can be built
Level O/1 
Requirements
Top level, sweeping requirements
Agency controlled detailed requirements
Level 2 Requirements
Decompose the Level 1 requirements 
Define the major elements and interfaces
Define the overarching functional and performance 
requirements
Level 2 Requirements
Decompose the Level 1 requirements 
Define the major elements and interfaces
Define the overarching functional and performance 
requirements
Enough detail to be able to allocate requirements 
to Level 3 elements
Level 3 Requirements
Rinse and repeat
Focus is on enabling a contract
Detail depends on contracting approach
Orion – standard government contract
Commercial Crew – higher level
Writing “Good” 
Requirements
Systems Engineering Handbook 
Appendix C
NASA SP 6015 NASA Systems Engineering Handbook
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A Definition
re·quire·ment
[rəˈkwī(ə)rmənt]
NOUN
a thing that is needed or wanted: 
"choose the type of window that suits your 
requirements best"
a thing that is compulsory; a necessary 
condition: 
"applicants must satisfy the normal entry 
requirements“
© Oxford University Press 
How NASA Uses 
Requirements
Policy Documents
• Process
Statements of Work
• Tasks
Program/Project Documents
• Define what the govt wants
Standards
• Best practice
End Item Specifications
• Used to build hardware/software
Terminology
Shall = requirement – binding
Will = facts or declaration of 
purpose
Should = goal – not mandatory
Characteristics
Must be VERIFIABLE
• The provider can show concrete 
evidence that the requirement has 
been met
 Is Clear
• One thought
• Unambiguous
Stated Positively
• Shall vs shall not
Exercise
The lander shall provide adequate 
design margin to accommodate a range 
of conditions.
The rover shall carry up to 6 crew.
The docking hatch shall be sized to 
sufficiently accommodate large 
crewmembers unless otherwise 
authorized. 
• What’s Wrong?
